Damping ring is one of the major issues in the future linear collider (ILC). We discuss the design of the dogbone damping ring and its performance including the emittance growth and the dynamic aperture related to the nonlinearities of the wigglers and the space charge effects. In this paper, we use the ring lattice borrowed from A. Wolski (Version 6.4.1).
INTRODUCTION
A unique characteristic of the dogbone damping ring [l] is its circumference, 17 km, as shown in Table 1 . The long circumference is suitable for the pulse structure of the linear collider with a relatively conservative scheme of the injection and the extraction. The dogbone damping ring has a long straight section to reduce the construction efforts by sharing a part of tunnel with the main linac. Therefore, one of the complications is the space charge effects which is arisen in the long straight beam-line, even though an xycoupling try to reduce those effects. In addition, a long wiggler section is necessary for the dogbone compared with conventional designs to obtain the enough damping time while keeping the equilibrium emittance small. Another complication comes from nonlinear effects of the wiggler magnets [2] . In this article, we present results of tracking simulations for the wiggler nonlinear effects and the space charge effects in the dogbone damping ring. The total Hamiltonian in the vertical plane of the ring into which wigglers are inserted can be expressed by [3] Lw_ 2 Lw H-=Ho+ 2y +12 k24,
where Ho is the Hamiltonian without the wigglers, LW is the length of the wiggler section, Pw is the bending radius of the wiggler, k = 27/Aw, Aw is the period length of the wiggler. Therefore, the associated betatron tune shift due to the wigglers is obtained from (2) where j3Y is the averaged vertical beta function in the wig- 
In order to investigate dynamic apertures of the ring described in the later section, we perform a particle-tracking simulation by using SAD [4] . SAD is a integrated code for optics design, particle tracking, machine tuning, etc., and has been used for years at several machines such as KEKB and KEK-ATF. In SAD, the wiggler bending field is approximated by trapezoids, and the Hamiltonian up to 0(y4)
are included in the model. Therefore, the primary nonlinear effect of the fringe field of the wiggler magnets are included in the tracking by SAD. Table 2 shows the nonlinear coefficient, cyy estimated by the tracking with and without the nonlinearity of the wigglers. The difference between with and without the nonlinearity is +6070 from Table 2 . Using Eq. (5), the nonlinear coefficient due to the wigglers can be calculated to be +5920 analytically, using iy = 13.8 m and the parameters in Table 1 . Consequently, the tracking simulation well reproduces the octupole-like component of the wigglers. 4 l t | 1 p. . . . . . . . . . . . . . . . be kept sufficient for the injected beam assumed here even though wiggler nonlinearity and/or the space charge effect are included in the tracking simulations. the injected beam rather than the lifetime at the equilibrium state. The injected beam is a round shape in the transverse direction and coherent oscillations due to injection kickers are negligible. We also survey a momentum aperture within ±3 %. As a criterion of the stability, the maximum amplitude of the particle orbit is within 10 cm in the x and y coordinate during 500 turns of the tracking. Figure 3 shows the dynamic apertures obtained from the tracking simulations without and with the wiggler nonlinearity and the space charge effect. No machine error is included in the lattice. The transverse acceptance for the initial condition is expressed by -y2Jxo = -y2Jyo, where 2Jx,y is the Courant-Snyder invariant and 7y is the Lorentz factor. Momentum acceptance is expressed by 60 which is the initial momentum deviation from the design momentum. The working point is vx/vy = 76.31/41.27. There is no significant difference between with and without wiggler nonlinearity and the space charge. Figure 4 shows tune surveys of the dynamic apertures. The initial condition of the We have studied the emittance growth due to the space charge and the dynamic apertures with the nonlinear components of the wigglers together with the space charge. Results from the simulations show that those are all within the acceptable level for requirements of the linear collider. There are big area in the tune space where those effects are not serious. Further study with orbit and optical errors should be carried out to realize the project.
